Introduction
The configurations of cytoplasmic membranous structures in fungi differ morphologically and terminologically.
They may take the names of myelin figures (Carbonell and Pollak 1962, Palade and Claude 1949) , complex con centric membranes (Hyde and Walkinshaw 1966) , concentric lamellar structures (Nair et al. 1969) , wormlike whorled structure (Buckley et at. 1966) , membrane complex (Berliner and Duff 1965, Lowry and Sussman 1967) , intravascular bodies (Thomas and Isaac 1967) , lomasomes (Moore and McAlear 1961) , multivesicular bodies (Marchant et al. 1967 ) and fungal mesosomes (Hirata 1966, Zachariah and Fitz-James 1967) . They are probably different manifesta tion of a single kind of complex membranous structure (Nair et al. 1969, Thomas and Isaac 1967) found by electron microscope in different localities of various cells. They are likely to be phospholipids in nature (Carbonell and Pollak 1962 , Hyde and Walkinshaw 1966 , Mercer 1962 , Palade and Claude 1949a and b, Revel et al. 1959 . Several research workers (Fawcett and Ito 1958 , Olah and Rollich 1966 , Revel et al. 1959 have considered that the structures/systems were fixation artifacts without physiological function. How ever, the complexity of the structures described in various cells convinced other investigators (Hirata 1966 , Hyde and Walkinshaw 1966 , Nair et al. 1969 , Thomas and Isaac 1967 that they probably represent a normal con stituent of the cells and play a particular role in physiological functions such as cytoplasmic alternation (Carbonell and Pollak 1962) , generation of reticulum (Lowry and Sussman 1967) , wall formation (Wilsenach and Kessel 1965) , glycogen synthesis (Hashimoto and Yoshida 1966) chromatin movement (Zachariah and Fitz-James 1967) and intracellular transport (Bracker 1967) .
During the course of an electron microscope study on the nuclear structure and division in the hyphal cells of Volvariella volvacea, large amounts of the complex membranous structures were unexpectedly found in the germ tubes of basidiospores.
The present report describes these structures with special attention to their origins and the possibly functions which are related to their localities.
Materials and methods
Collection and germination of basidiospores were carried out in the way described by Chang (1969) . The germ tubes on the water-permeable cellophane membrane laid on the medium (MgSO4 0.5g; KH2PO4 0.46g; K2HPO, 1g; peptone 2g; dextrose 20g; agar 20g; per liter) were fixed in 6.25% glutaraldehyde solution in 0.05M phosphate buffer at pH 7.2 for 3 hr. then postfixed either in 1% OsO4 in collidine buffer solutions or in 2% OsO4 plus 2% potassium dichromate (aqueous solution) in equal parts for two hr, respec tively. All materials were dehydrated in an acetone series, infiltrated through the methyl methacrylate series as recommended by Kushida and Fujita (1968) and embedded in vestopal W. Sections were cut with a glass knife on a Porter Blum MT-2 ultramicrotome.
After being stained with lead citrate (Reynolds 1963) the observations were made with a JEM-7A electron microscope at 80 KV.
Results
The membranous structures observed in the germinating hyphae of V. volvacea showed great variations not only in form and size but also in their localities. However, we could interpret those membranous structures as consisting of the three main types of configurations according to their mor phology. Those are i) concentric lamellar structures (myelin figures), (Figs. 2, 9, 13, 18) , ii) complex series of vesicles (Figs. 3, 7, 10, 16) , and iii) clusters of tubules surrounded by common membranes (Figs. 4, 8, 10) . Each of the three types is quite distinct, but the general picture is continuous variation due to combination among the types. In some cases, the tubular membranes involuted into tangles and formed concentric lamellar and alveolar structures of complicated patterns, such as myelin-vesicular-vacuolar (Fig. 17) . Other bodies, generally called lomasome-like bodies, contained a number of smaller vesicles, tubules and flattened cisternae within a common membrane showing vesicular-tubular structures (Figs. 5, 7, 11, 12) . Parallel lamellar structures (Figs. 14, 15) were constantly recorded as present in the cell. The membrane that constitutes the structure consisted of the two dense lines separated by a light interspace, thus forming the so-called unit membrane structure of about 90A thickness. Figs. 1-4. 1, a cluster of small vesicles bounded by a common membrane indicated by the numeral (i) led by arrow. This area is supposed to be one of the initial sites for the complex membranous structures by a process of aggregation and convolution of endoplasmic Figs. 5-8. 5, the endoplasmic membranes have convoluted twice and the cytoplasm including ribosomes has been enclosed in the supposed initial site indicated by (i) led by longer arrow . A further expanded of the structure is shown at the upper-right corner.
The cytoplasm with ribosomes still appears in the structure.
The shorter arrows indicate the swollen parts 4-6 layered.
•~50,000.
The observations that varying structures are consisting of some elementary structures led us to find the origin and formation of the bodies. The forma tion of these membranous structures seems to be initiated by aggregation and convolution of cytoplasmic membrane system indicated by arrows with (i) in figures 1 and 5. Before the membrane forms a complete sheath, portions of it may either become swollen or convolute.
Very soon after this, small vesicles appear or are formed in the swollen part or circulate in the whirled portion which now take the appearance of membranous structures (Figs. 1, 5) . The initial sites of structures, marked (i), probably develop into polyvesicular (Figs. 3. 7) , multitubular (Fig. 4) , and small concentric lamellar structure similar to myelin figure (Figs. 2, 12) . Although the development could not be followed in detail, it probably involved the invagination, fusion and elabora tion of the membrane.
In figures, 3, 5, 10 and 12, the two electron-opaque lines of the unit membrane are stained asymmetrically (especially clear in Fig. 10 ): The line facing to the cytoplasm is densely stained than the one facing to the lumen. Such asymmetrical stainability of the vesicle membranes which enclosed the ribosomal particles suggest the vesicles are formed by the invagination of the cytoplasmic membranes.
In addition, vesicles within the structures swol len, flatten and/or fused (arrows in Fig. 5 ), become further whorled to form more complex structures.
Myelin figures also show varying degrees of developmet, from mesosome-like body (Fig. 9) to the densely degenerating lamellae through the loosely concentric lamellae (Figs. 2, 4, 13, 18 ). Most of them contained no more than 10 dense mycelin line, but, very occasionally, the figure showed up more than twenty myelin lines (Fig. 18) .
The localities of these membranous structures are not constant in the germinating hyphae. It is reasonable to suppose that, either after extension or with no big change of the form, the structures move to lateral walls (Figs. 7, 8, 9, 10, 13, 16) to cross walls (Figs. 14, 15) or to both walls (Fig. 14) , where they would play the lomasome-like functions (Wilsenach and Kessel 1965) . They were also found freely in the cytoplasm (Figs. 2, 4 , 5, 6, 11, 12). And it is equally probable that they may move into vacuole (Fig . 17) and occupy the whole vacuole (Fig. 18 ).
Discussion
The membranous structures described in the foregoing study are especially prominent in the germ tubes during the spore germination. They are similar in size and appearance to the membrane elements. The material of the struc tures is probably phospholipid since identical formation may be produced in vitro from extracted phospholipid (Mercer 1961 , Palade and Claude 1949b , Revel et al. 1959 . This is further confirmed by their pronounced uptake of osmium during fixation and by vital staining to show "blue" granules (Mercer 1962) . The outermost membrane of the configurations resembling myelin-like figures (Fig. 13) , formerly considered as artifacts, (Moore 1966 , Olah and Rollich 1966 , Palade and Claude 1949a , Revel et al. 1959 , is continuous with the plasma membranes against the wall, and it seems reasonable to assume that it is similar in function to the so-called lomasomes (Wilsenach and Kessel 1965) . They are not only seen to be associated with walls but also with vacuoles and storage bodies (Figs. 16, 17, 18) . Furthermore, there occurred mixed conditions, where tubular, vesicular and lamellar membranous elements were found together and were observed to be concentrically (Figs. 4, 8, 17) or irregularly (Fig. 6) arranged.
Based of the existence of these mixed structures and the similarities of their localities it seems probable that the origin and nature of these membranous structures are the same. This possibility has been suggested by Hyde and Walkinshaw (1966) and Thomas and Isaac (1967) . It is also possible, they are derived from one another. Different kinds of transition forms have been proposed by Mercer (1961) who suggests that the accumulated phospholipid in granular form gives rise to concentric shells which develop into parallel membranes and that the total process of transformation might form a cycle. This view seems to be further supported by Kuwabara's (1966) findings on the transformation of lamellar membrane into irregular tubular structures as the effect of light in vivo.
There are three hypotheses concerning the formation of the membranous structures: a) developed in cytoplasms from cytoplasmic vesicles (Moore and McAlear 1961) , from agranular endoplasmic reticulum (Hashimato and Yoshida 1966) , and from vesicular endoplasmic reticulum (Marchant et al. 1967 ); b) initiated by invagination and folding of cytoplasmic membrane (Echlin et al. 1966 , Hirata 1966 as the way of mesosome formation in bacteria (Pate and Ordal 1967) ; c) formed as the result of the spontaneous dissolution of a mass of phospholipid which is accumulated in a vacuole at some early stage in the cell's history (Mercer 1961) . According to a survey of the literature cited and the observations of this study, the conclusion may be drawn that the formation of complex membranous structures is primarily located in the cyto plasm and may take place in three stages: a) there appear to be aggregates and convolutions of some endoplasmic reticular vesicles and tubules (Figs. 1,  5 ) (Robertson 1961) , and then b) an intrusion of the cytoplasm into the distended of expanded endoplasmic recticular cavities. This could be supported by the evidence of the asymmetrical staining of the unit membrane shown in Figurs 3, 5, 10 and 12. In the last stage, c) there may be a localized fusion of membrane elements and a folding of the tubular membranes due to undulatory motion.
We have observed that the tubular membranes lie quite close to the initial sites (Figs. 1, 5 ). Figure 5 shows that one of the tubular membranes is connected with the outermost bounding membrane, so that any undulations or any other displacement forces along its length would induced a streaming motion within the surrounding ground substance of the cytoplasm.
In this way, a kind of more prominent structures could be produced. Since we cannot follow by means of electron microscopy the formation sequence of the structures, we can only draw up a proposed scheme (Fig. 19) to show in diagrammatic form the sequence deduced from the inspection of the micrographs reported here and from other observations and suggestions scattered throughout the literature cited. According to the tentative scheme, three basic types of configurations, polyvesicular, myelin-like and multitubular are probably produced in the initial sites. The more complex ones (Figs. 3, 4, 6, 17, 19) could be either the direct result of distention and expansion of the endoplasmic reticular cavities and membranes or the less direct result of localization and fusion of the membranous elements between the types as indicated in Figs. 11, 12 and 19. Moore (1966) has questioned whether all the lomasome-like bodies pre viously described are homologous in structure and function. The results of the study reported above indicate that different structures located in similar relationships to various parts of the cells may have the same function. This working hypothesis rests on the observation that different structures, affected by the movement of other cytoplasmic components, move either to the walls (Figs. 7, 8, 9, 13, 14, 15, 16) where they seem to take on a lomasome-like function (Marchant et al. 1967 , Robertson 1961 or to vacuoles (Fig. 17 , 18 ) where they seem to provide a framework for accumulation and condensation of cell products (Mercer 1961) . On the other hand, they may stand freely in the cytoplasm (Figs. 2, 3, 4, 5, 6, 11, 12) where the structures may represent the mobilization of nutrients for hyphal growth. We did not find any of these structures being connected to nuclear membrane or associated with the glycogen granules, so this report cannot supply further information about their relation to chromatin movement (Zachariah and Fitz-James 1967) and glycogen synthesis (Hashimoto and Yoshida 1966) . However, since the struc tures are widely distributed in the germ-tube cells and vary greatly in form and in size, it is reasonable to draw a tentative conclusion that they may have diverse physiological functions according to their developmental stages and the localities with which they are associated.
What is the detailed relationship between spore germination and formation of various membranes cannot be determined on the basis of the present information. 
